Aneurysmal and occlusive atherosclerosis of the human abdominal aorta  by Xu, Chengpei et al.
The infrarenal aorta is prone to aneurysmal and occlu-
sive disease with the usual sparing of the juxtarenal aortic
segment. Although some reports suggest that atheroscle-
rosis has little or no causal relationship to aneurysm for-
mation,1,2 it is apparent that the atherosclerotic process
involves both plaque deposition and arterial enlarge-
ment.3-6 Atherosclerotic arterial enlargement has been
demonstrated in human coronary, carotid, and superficial
arteries as well as in the thoracoabdominal aorta.7-11 The
midabdominal aorta has been shown to enlarge more than
the thoracic aorta in response to atherosclerotic
plaque.6,12 Subjects who had advanced sclerosis on the
aorta wall had larger aortic diameters.13 The purpose of
this study was to assess atherosclerotic plaque deposits and
aortic wall responses in the abdominal aorta in relation to
the development of aneurysmal and occlusive changes of
the aorta. The infrarenal aorta, which is prone to both
aneurysmal and occlusive atherosclerosis, was compared
with the juxtarenal aortic segment, which is relatively
resistant to aneurysmal and occlusive disease. 
METHODS
Aortas were collected from 67 men aged 40 to 95
years (mean age, 67 years) at the time of autopsy. Aortas
of women were excluded from this study of aortic size
and atherosclerosis to reduce the range of differences in
aortic sizes associated with sex and because the aortas of
women are less prone to both atherosclerosis and
aneurysm formation. All aortas were collected from con-
secutive autopsy cases. Aortas of individuals with previ-
ous vascular surgery or with a grossly visible abdominal
aortic aneurysm or localized aortic enlargement 50%
larger than the adjacent aorta were excluded from the
study. There was no racial selection when collecting aor-
tas. All aortas were free of grossly apparent supraceliac or
thoracoabdominal aortic dilation.
Each aorta was excised from the aortic root to the iliac
bifurcation and cannulated at each end. Side branches
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Purpose: The purpose of this study was to assess atherosclerotic plaque deposition and aortic wall responses in the
abdominal aorta in relation to the development of aneurysmal and occlusive disease in the infrarenal aorta. 
Methods: Morphologic differences at five standardized locations in the infrarenal aorta in 67 pressure perfusion–fixed
male cadaver aortas (aged, 41-98 years; mean, 66 years) were studied and compared with the supraceliac segment.
Quantitative computer-assisted morphometry of histologic sections included measurement of plaque area, lumen area,
lumen diameter, media thickness, number of medial elastic lamellae, and the area encompassed by the internal elastic
lamina that best represents the artery size of each segment. The ratio of the supraceliac segment to the midabdominal
segment (normally greater than 1.3) was used to define three groups: Group I (normal): ratio greater than or equal to
1.30 (n = 31); Group II (intermediate): ratio greater than or equal to 1.20 but less than 1.30 (n = 20); and Group III:
ratio less than 1.20 (n = 16), which represented dilated midabdominal aortas. There was no significant difference in
age among the groups.
Results: Group I had minimal intimal plaque and little gross evidence of atherosclerosis. Group II had increased inti-
mal plaque compared with Group I (P < .01) and gross evidence of atherosclerosis, which was maximally localized in
the distal aorta; there was no aortic enlargement or thinning of the media underneath the plaque. Group III had more
intimal plaque than Group I (P < .01) and Group II (P < .01) and was associated with localized aortic enlargement
and media thinning compared with Group I (P < .05) and Group II (P < .01). Increasing intimal plaque in Group III
correlated with an increase in lumen diameter (r = 0.61, P < .05), but this relationship was not significant in Group I
and Group II. The aortic media in Group III had a reduced number of medial elastic lamellae, was reduced in thick-
ness, and was more exposed to increased wall stress than the aortas in Groups I and II.
Conclusion: These results suggest that there may be different local responses to atherosclerosis in the abdominal aorta
in human beings. Plaque deposition associated with localized dilation, thinning of the media, and loss of medial elas-
tic lamellae may predispose that segment of aorta to subsequent aneurysm formation. Plaque deposits without media
thinning, without loss of elastic lamellae, and without artery wall dilation may predispose the aorta, in the event of
continuing plaque accumulation, to the development of lumen stenosis. (J Vasc Surg 2001;33:91-6.)
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were ligated, and the aorta was fixed with intraluminal
pressure maintained at 100 mm Hg for 24 hours with 10%
buffered formalin. Aortas were subsequently decalcified,
and transverse aortic rings were sectioned from the
supraceliac aorta 2 cm proximal to the celiac artery and
from five standardized locations in the infrarenal aorta
(Fig 1). Level 1 is the juxtarenal segment 1 cm distal to
the renal arteries; level 5 is the segment 1 cm proximal to
the iliac bifurcation. Level 3 is midway between levels 1
and 5. Level 2 is the segment at the midpoint between lev-
els 1 and 3, and level 4 is the midpoint between levels 3
and 5. Histologic sections were prepared and stained with
hematoxylin and eosin and with the Weigert-van Geison
stain to identify collagen and elastin matrix fibers.
Histologic sections were analyzed through blinded
assessment. Sections were projected by means of a micro-
projector onto a digitizing tablet for computer-assisted
morphometry. Contour tracings were made of the outer
media, the internal elastic lamina (IEL), and the lumen.
Quantitative measures were obtained of the intimal plaque
area, the lumen area, the lumen diameter, and the area
delineated by the internal elastic lamina. The IEL area
(IELA) was taken as the measure of aortic size. The num-
ber of medial elastic lamellae was counted at the six loca-
tions around the circumferences, and the mean value was
calculated for each section. Media thickness was measured
at 15-degree intervals around the circumference of each
section. The mean of the 24 measurements provided a
value for media thickness for each section. The stenosis rate
of the aortic segment was defined as the reduction rate of
the lumen area due to plaque deposits. In calculation of the
stenosis rate, the IELA was taken to represent the initial
lumen area as if there were no plaque development. 
The aorta normally tapers along its length with the dis-
tal thoracic aorta being larger than the abdominal aorta. The
ratio of supraceliac IELA (level T) to the midabdominal
IELA (level 3), which is normally greater than 1.30,12 was
used to define three groups of aortas: Group I (normal):
ratio more than or equal to 1.30 (n = 31); Group II (inter-
mediate): ratio more than or equal to 1.20 but less than 1.30
(n = 20); and Group III: ratio less than 1.20 (n = 16), which
represented aortas with dilated midabdominal segments. 
Results were expressed as mean ± SD. Single factor
analysis of variance was performed with StatView software
version 4.5 (SAS Institute Inc, San Francisco, Calif) for all
groups, and if the analysis of variance was significant (P <
.05), the Bonferroni correction method was performed for
multiple comparisons among the groups. Linear regres-
sion analysis was performed to assess correlations between
two sets of data. The P value was set at less than .05 for a
statistical significance.
RESULTS
Abdominal aortic dimensions. Morphometric fea-
tures of the 67 human abdominal aortas studied are pre-
sented in Table I. There were no significant differences
among the five segments sampled along the length of the
abdominal aorta from the infrarenal level (level 1) to the
aortic bifurcation (level 5) when all aortas were considered
as a group because of a large variance in results. When the
aortas were grouped according to size relative to the
supraceliac aorta, meaningful differences became apparent
(Table II).
At each level of the abdominal aorta, there was a sig-
nificant positive relationship between intimal plaque area
and IEL cross-sectional area (P < .001), which indicated
that at each level, the aorta enlarged with increasing ath-
erosclerotic plaque (Fig 2, A). There was also a relation-
ship between age and abdominal aortic size at each level of
the abdominal aorta (P < .001; Fig 2, B). These features
were also true for the aorta at the supraceliac level. 
Midabdominal aorta. The 67 aortas were divided into
three groups on the basis of the size of the midabdominal
aorta relative to the thoracic supraceliac aorta at the level of
the diaphragm. Normal-sized abdominal aortas had a 
thoracic-abdominal aortic ratio of 1.3 or more. These aortas
had mild intimal plaque of atherosclerosis at the midabdom-
inal level (Table II). Group II aortas had a thoracic-abdom-
inal aortic ratio of 1.2 or more but less than 1.3 and had
more intimal plaque than Group I, but this difference was
not significant (Table II). Aortas in this group maintained a
relatively normal media, and the remodeling of the wall was
apparent at the bottom of the plaque (Fig 3). In contrast,
aortas in Group III, which had a thoracic-abdominal aortic
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Table I. Abdominal aortic dimensions (n = 67)
Infrarenal aorta Midabdominal aorta Aortic bifurcation
(level 1)* (level 3)* (level 5)*
Cross-sectional area (mm2)
Lumen 107.0 ± 36.1 121.3 ± 60.1 113.7 ± 58.3
Plaque 36.6 ± 27.7 44.7 ± 29.6 44.9 ± 25.1
IELA 143.6 ± 51.5 166.1 ± 82.5 158.5 ± 70.7
Lumen diameter (mm) 12.5 ± 1.9 13.2 ± 3.2 12.8 ± 3.0
Plaque thickness (mm) 0.8 ± 0.5 0.8 ± 0.5 0.9 ± 0.5
Media thickness (mm) 0.7 ± 0.2 0.6 ± 0.2 0.5 ± 0.2
Stenosis rate (%) 24.0 ± 12.1 26.3 ± 10.3 28.5 ± 11.9
*Mean ± SD. Only three levels are listed as representatives.
IELA, Internal elastic lamina area.
ratio less than 1.2, which indicated enlargement of the
midabdominal segment relative to the thoracic aorta, had
significantly more intimal plaque than Group I (P < .01) and
Group II (P < .05) (Table II). The media started thinning
beneath the larger plaque (Fig 4). There was more destruc-
tive evidence than in the other groups, such as the disap-
pearance of the internal elastic lamellae and the diminishment
of the media layers. The aortic size and lumen diameter had
a significant correlation with increasing atherosclerotic
plaque in Group III at level 3 (r = 0.61, P < .05). However,
this relationship was not significant in Groups I and II (y =
0.027x + 11.4, r = 0.28, P > .05).
Infrarenal aorta. There were no significant differ-
ences among the three groups in morphologic features of
the infrarenal aortic segment (Table III). This is in distinct
contrast to the findings in the midabdominal aorta and
distal aorta in which plaque deposits resulted in localized
aortic enlargement and medial thinning in Group III.
The aortic media was significantly reduced in thickness in
Group III compared with Group I (P < .01) and Group II
(P < .05) (Table II), and there was a significant reduction
in the number of medial elastic lamellae compared with
Groups I and II (Table IV).
Aortic bifurcation. The distal abdominal aorta just
proximal to the aortic bifurcation was similar in Group III
to the midabdominal aorta. Aortic enlargement and
increased intimal plaque were associated with medial thin-
ning and loss of medial lamellar architecture (Table IV).
Changes in aortic media. Plaque deposits in Group
III were associated at levels 3 and 5 with a significant loss
of medial lamellar architecture and a reduction in medial
thickness (Table IV). This did not occur in Groups I and
II and was not noted in the infrarenal aortic segment in
Group III. This is consistent with the propensity of the
midabdominal and distal aorta to develop aneurysms while
the infrarenal segment is spared.
Wall stress. Aortic wall stress was calculated from the
formula T = Pr/t, where T is the circumferential tension in
dynes per square centimeters, P is the mean blood pressure
in millimeters of mercury (1 mm Hg = 1333 dynes/cm2), r
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Fig 1. Standardized specimen sampling: transverse aortic rings
were sectioned from the supraceliac aorta 2 cm proximal to the
celiac artery (level T, thoracic aorta) and from five standard loca-
tions in the infrarenal aorta. Level 1 is the juxtarenal segment 1
cm distal to the renal arteries; level 5 is the segment 1 cm proxi-
mal to the iliac bifurcation. Level 3 is midway between levels 1
and 5. Level 2 is the segment at the midpoint between levels 1
and 3, and level 4 is the midpoint between levels 3 and 5. 
Fig 2. Representative correlations between the IELA and plaque
area and between the IELA and age shown in panels A and B,
respectively, for level 3 section. The IELA was used to represent
the aortic size. IELA, Internal elastic lamina area.
A
B
is the radius in centimeters, and t is the thickness in cen-
timeters. There were no differences in wall stress between
Groups I and II (Table V). In Group III, wall stress calcu-
lated with total wall thickness (intimal plaque plus media
thickness) was not different from Groups I and II.
However, wall stress based on media thickness was increased
twofold at the midabdominal level in Group III and was sig-
nificantly different from Group I (P < .01) and Group II (P
< .05) (Table V). 
DISCUSSION
The abdominal aorta is particularly susceptible to
aneurysmal formation in humans and in experimental
models.14,15 The cause of aneurysmal degeneration of the
abdominal aorta remains unsettled. Although matrix met-
alloproteinases,16-18 genetic factors,19 and apoptosis20,21
have been shown to play important roles in the develop-
ment of aneurysms, the etiologic relationship is unclear.
Clinical, experimental, and morphologic evidence sup-
ports the hypothesis that atherosclerotic lesion of the
intima plays an important role in the development of
aneurysms. The current study again showed the correla-
tion among plaque development, aortic wall thinning, and
aneurysmal dilation.
The plaques in the abdominal aorta, compared with
the atherosclerotic lesions in the thoracic aorta, are usually
more abundant, less discrete, more complicated, and more
calcific. These differences may be related to local differ-
ences in aortic flow conditions and mechanical stress as
well as to differences in aortic wall structure, composition,
and nutrition.
As atherosclerotic plaque develops, arterial enlarge-
ment may occur. This may compensate for increasing
plaque size and prevent the development of lumen steno-
sis. Compensatory enlargement has been demonstrated in
human coronary arteries, carotid arteries at the bifurca-
tion, and superficial femoral arteries.7-10 This process may
also occur as a result of local increase in flow associated
with periodic temporary narrowing of the lumen pro-
duced by an encroaching intimal plaque. The increase in
wall stress may be expected to stimulate endothelial release
of nitric oxide or other factors, resulting in smooth mus-
cle relaxation in the media and artery dilation.8
Alternatively, the plaque may induce direct proteolytic or
involutional changes in the media underlying the plaque,
which result in dilation. The role of matrix metallopro-
teinases in abdominal aortic aneurysms has been widely
demonstrated.16-18
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Table II. Midabdominal aorta (level 3)
Normal aorta Intermediate aorta Enlarged aorta
Group I (n = 31)* Group II (n = 20)* Group III (n = 16)
Cross-sectional area (mm2)
Lumen 101.7 ± 38.9 108.9 ± 37.0 174.9 ± 85.5†‡ 
Plaque 29.2 ± 14.6 44.6 ± 19.4 74.9 ± 39.3†‡
IELA 130.9 ± 45.3 153.5 ± 45.0 249.8 ± 12.9†‡
Lumen diameter (mm) 12.0 ± 2.0 12.6 ± 1.9 16.4 ± 4.2†‡
Plaque thickness (mm) 0.6 ± 0.3 0.9 ± 0.5 1.1 ± 0.6†
Media thickness (mm) 0.6 ± 0.1 0.5 ± 0.2 0.4 ± 0.2†‡
Stenosis rate (%) 23.0 ± 9.0 29.0 ± 10.0 30.0 ± 11.0†
*Mean ± SD.
†P < .01 as compared with Group I.
‡P < .05 as compared with Group II.
IELA, Internal elastic lamina area.
Table III. Infrarenal aorta (level 1)
Normal aorta Intermediate aorta Enlarged aorta
Group I (n = 31)* Group II (n = 20)* Group III (n = 16)*
Cross-sectional area (mm2)
Lumen 99.4 ± 34.1 109.9 ± 36.8 118.0 ± 43.2
Plaque 24.4 ± 13.2 35.8 ± 21.2 61.2 ± 39.3†‡
IELA 123.9 ± 38.3 145.6 ± 43.3 179.2 ± 66.1†‡
Lumen diameter (mm) 12.0 ± 1.8 12.6 ± 1.8 13.3 ± 2.2
Plaque thickness (mm) 0.5 ± 0.3 0.8 ± 0.5 1.2 ± 0.7†‡
Media thickness (mm) 0.8 ± 0.2 0.7 ± 0.2 0.7 ± 0.3
Stenosis rate (%) 20.0 ± 9.0 24.0 ± 10.0 32.0 ± 15.0
*Mean ± SD.
†P < .01 as compared with Group I.
‡P < .05 as compared with Group II.
IELA, Internal elastic lamina area.
Thinning of the media is a common feature in athero-
sclerosis and is a constant feature in abdominal aortic
aneurysm formation. Human aortic aneurysms are charac-
terized by extensive atrophy of the media with an almost
total loss of normal lamellar architecture. The media is
usually almost totally devoid of the usual elastin layers and
is converted into a narrow and calcific fibrous band. The
microanatomic features of abdominal aortic structure and
the susceptibility of this region to atherosclerosis and to
the resulting erosive effects on the media are the main fea-
tures that correspond to the special susceptibility of this
aortic segment to aneurysm formation.
It has been suggested that in situations where there is
plaque erosion or regression, total wall thickness reduc-
tion would result in significant increases in wall stress and
promote progressive aneurysmal dilation.9 What has not
been answered is why plaque deposits lead to aneurysmal
dilation in only some individuals and to occlusive disease
in others. A balance between plaque stability and progres-
sion may play a critical role in this aspect. If a plaque
repeats progression and erosion, it will make the media
thinner in such a short time that the weakened wall can-
not sufficiently sustain wall stress, which leads to aortic
aneurysmal dilation. On the other hand, a more stable
plaque would allow enough time for plaque fibrosis or
plaque capsule formation. It has been suggested that inti-
mal thickening, including atherosclerotic plaques, may
participate in maintaining wall stress.9 It is unclear, how-
ever, how much strength the intimal plaque may provide
to support wall stress. It appears that plaque deposits ulti-
mately lead to aneurysmal dilation in some individuals,
whereas they lead to occlusive disease in others.
Furthermore, in the same individual, atherosclerotic
stenosis can develop in one arterial segment, whereas
aneurysmal degeneration may occur in another. The fac-
tors that control these differing artery responses to athero-
sclerosis are unknown. Perhaps there are local differences
in the plaque–artery wall interaction and remodeling
responses that are modified by long-term changes in
plaque composition, progression, and regression in rela-
tion to artery diameter changes. Further investigation of
the interaction between the plaque and artery wall remod-
eling is needed.
Experimental studies confirm the importance of the
destruction of the media lamellar architecture in the patho-
genesis of aneurysms and reveal that diet-induced athero-
sclerosis may result in the thinning of the media and
aneurysm formation.6,15 A controlled trial of cholesterol-
lowering therapy in monkeys revealed plaque regression,
thinning of the media, and aneurysmal dilation of the
abdominal aorta.15 These observations suggest that
aneurysm formation is a manifestation of atherosclerotic
artery wall degeneration, although other factors, such as
enzymatic reaction,16-18 genetic predisposition,19 and apop-
tosis,20,21 are also involved. Thus, observations of the athero-
sclerotic process in humans and experimental animals
suggest possible mechanisms for aneurysm formation related
directly to erosion of the artery wall by plaque components. 
CONCLUSIONS
The human abdominal aorta enlarges with increasing
atherosclerotic plaque. Plaque enlargement is associated
with medial thinning and loss of the medial lamellar archi-
tecture. Plaque deposits, medial thinning, and aortic
enlargement are maximal at the midpoint of the abdomi-
nal aorta and at the bifurcation. There may be different
modalities of response of the human aorta to atheroscle-
rotic plaque. Plaque deposits may be accompanied by
compensatory enlargement and preservation of normal
lumen caliber. Plaque deposits may be accompanied with-
out compensatory enlargement, and medial thinning may
lead to the development of lumen stenosis. Plaque forma-
tion with erosion and destruction of the underlying medial
lamellar architecture may result in excessive dilation and
predispose to aneurysm formation. Such medial erosion
may be promoted by proteolytic enzymes that are released
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Fig 3. Abdominal aorta with well built-up plaque (P) and rela-
tively normal media (M). The elastic lamellae in the media are
stained dark (Weigert-van Geison staining). The arrows indicate
the inner margin of the media. The remodeling phenomena are
apparent in the bottom part of the intimal plaque with newly
formed elastic lamellae.
Fig 4. Abdominal aorta with large plaque (P) and diminishing
thickness of the media (M). The internal elastic lamellae (IEL) has
mostly disappeared, and the inner part of the media has been
eroding (arrows). There is little remodeling evidence in the inti-
mal plaque (Weigert-van Geison staining).
from components of the atherosclerotic lesion and associ-
ated inflammatory response.
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Table IV. Number of media elastic lamellae
Normal aorta Intermediate aorta Enlarged aorta
Group I (n = 31)* Group II (n = 20)* Group III (n = 16)*
Infrarenal aorta (level 1) 44 ± 7† 42 ± 8† 38 ± 8†
Midabdominal aorta (level 3) 38 ± 10 33 ± 9 18 ± 9‡
Aortic bifurcation (level 5) 35 ± 9 33 ± 6 20 ± 6
*Mean ± SD.
†P < .001 as compared with either level 3 or 5.
‡P < .05 as compared with either Group I or Group II.
Table V. Aortic wall stress at midabdominal aorta (level 3)
Normal aorta Intermediate aorta Enlarged aorta
Group I (n = 31)* Group II (n = 20)* Group III (n = 16)*
Lumen diameter (mm) 12.0 ± 2.0 12.6 ± 1.9 16.4 ± 4.2†‡
Media thickness (mm) 0.6 ± 0.1 0.5 ± 0.2 0.4 ± 0.2†‡
Wall stress (media) 12.5 ± 5.0 16.6 ± 11.3 37.1 ± 29.1†‡
(dynes/cm2 × 105)
Wall thickness (mm) 1.3 ± 0.3 1.5 ± 0.4 1.5 ± 0.6
(plaque + media)
Wall stress (total wall) 5.8 ± 1.6 5.6 ± 2.0 8.2 ± 6.0
(dynes/cm2 × 105)
*Mean ± SD.
†P < .01 as compared with Group I.
‡P < .05 as compared with Group II.
